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(54) FORMATION OF CANTILEVER HAVING PROBE 
(57)Abstract: 

PURPOSE: To keep resonance frequency high and to 
enhance production yield by forming a probe pattern on 
an, SOT substrate at a predetermined position and 
forming a catilever pattern as a silicon oxide film and 
removing the Si membrane of a non-oxidized part. 
CONSTITUTION: An Si substrate 1 and an SOI 
substrate consisting of an insulating layer 2 composed of 
a silicon oxide film and an Si membrane 6 are used and, 
at first, a mask layer 1 1 is formed on the membrane 6 
and, thereafter, a conical body 12 becoming a probe 
pattern is formed and further formed into a sacrifice layer 
pattern 7 by a semiconductor photolighography process. 
This pattern 7 is oxidized to form an oxide film 8 
becoming a cantilever 3 and a taking-out electrode 5 is 
formed thereon by an electron beam vapor deposition method. Next, an oxide film 8 is 
. patterned to form a cantilever pattern 3a and the pattern 7 is subjected to plasma etching to 
form a gap 9. The cavitation of a probe realizes low mass and resonance frequency can be 
enhanced and the yield at the time of the removal of a sacrifice layer can be enhanced. 
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(57) 

(1) ««tt#«JB«ft«r* <-«<3. (2) S 
#»TiJBfc, (3) £S#90©*v\ Stf**-*-**:" 

$5 SO I Sffi£fflV\ 1 t> (a) SiiiK^ni 

ij&i&r&j&iszv (b) mfco&m^&^t-^ 
60 



#H¥7-333232 

(43)&BBH ¥*S 7 ^(1995) 12^22 B 




i!t**i] s i w&iafrh&zv *^±.\^mm# 
it; (b) <dxs£?tot, fct«fk*ix-cv^4v^a» 

(a) S i*K*iB*»<tU-C^!;3^»{tl!li:LT* 

(b) 0T^offiBlwfttt/^^-^«:»ric't"SXS 
[11**2] (b) Ig^tl: (a) X6S:*t3»# 

9 1 tm<Djjm. 

[IS** 3] (a) XflO&iC (b) iSfctT?!** 
JS 1 

[§t**4] (b) Xfiriv Ji/^Uo^-^-r/Ji 
Lfc«l-T* * XgT?fc5tt#* 3 

[St** 5] ^yfi/^-/^->Mgl^ K^* 
\zs<9 - - ^ ^i" £ XI £r fx 5 if ** 1 * ^ L ^ (0 i^-f 

£.o Xft 9 ft** 1 ftv^LS co^-fix^ 1 *K!Ett<z>*' 

So 

[It**7] ^Xvxyf^tSFeftiffNFi 

IS**6|S«^fe 

[If** 8] SOlKffij&\ Si»Bl:h7^? 

[11**9] soisiE^ mm*mrz>m-v>s 

fe 5 It** 1 fc^ L 8 w-r tifr i *Kie*<B#fe„_ 

[0 0 0 1 ] 

[S*±0>¥Jffl#»I *^SWtt, W 
«tfflV>Tf^K-r^^^^^y<-, #tCSTM (Scanni 
ng Tunneling Microscope) . A FM (Atomic Tunnel in 
g Microscope) tlE<D-?4 $ zi—-?i/*7- J±h IT 

[0 0 0 2] 



(2) 1*M¥7-3 3 3 2 3 2 

2 

[0 0 0 3] Z.tltD<DWm^±*), STM, AFMftt* 

frftTl^o *<01#Ji: LT, U. T. DuerigfclwiDffi 
10 SgSixfcEtt^s' Mwjbrtt**^ w*— ("Direct 
access storage unit using tunneling current techni 
ques", U.S. Patent Number 4.831,614) #*>5. 
[0 0 0 4] rtoj; S**:^!"*— WiliK. E. 
Petersentc J: ^"Dynamic Micromechanics Silicon:Tech 
niques and Devices" (IEEE Trans, El. Dev.. Vol. ED 
25. Ho. 10; 1978. ppl 241 -1250) ot 

flg"C*>5 (W. D. Pohl. "Distance-controlled tunneli 
ng transducer". U. S. Patent Number 5. 043. 577) 0 
[0 0 0 5] r^J:5*8E«Ht#*^w<-tiK*S 

WitUE (image tracking speed) £±tf 5 - t A*"C# 6 

30 [0 0 0 6] -tOfcfe^li, ffitfftt* Vf-^^-^ 

[0 0 0 7] 

aSrirr^wi^-C*, */cli*@^rF4.831.614^ 
5o 2£oT, /<^SSc^lSSli0. 01-100N/m 

[00 0 8] Sot, »«*5it/*xf-u/<-roK**: 

^■r -5 ^ t -ctt ai«s*5 i ^ ta i&& * ^ -t $ * 5 
so [0009] &ffijgg£«#)£fctf>, 



-2- 



(3) 



#M¥7- 3 3 3 2 3 2 



-C*fc>$ftS (K. E. Petersen. IEEE Trans. El. De * 
f R =i (3E 1/ (M+O. 2 3 
sW, E I ii#vf-i"<-<o»ra5 2fc*- ^h. Mil 

loonis(i) -to, *««*»tt»»©*ftt 

[00 12] Z<D £ i %4kftZffitLtf-<"?-l"<-<0B 
ffcfrifei L"C\ T. R. AlbrechtP> (Method of forming 
microfabricated cantilever stylus with integrated 
pyramidal tip", U. S. Patent ;Number 5,221.415) let 
9, S i S«±lc^$Lfcv'!J : = :'2fcR^P>*5& 

[00 13J Li^Uetffe, ro*Ba»fF5.221.415* 

**«Ci*>e». Wfi:Ltttift*t»)W8*ttt 

©Si. Al. Ti, NH»^*fctt»W-*JI' % "C«>* 

[0 0 14] ii*»*B»0»*ll«*«3 0 0T;£A 

-o-0'>3'<-l' ; fiji&£#7740 Corning* 

[0 0 15] ^ e>id. »tt»<Mi-C#?^4:**tt**fl' 

[0 0 16] ttgtt^vf-u^-Sr^tfc^ 
-±l^^->-}fM^T-t-f, Mr**-**-**** 

[0 0 17] jRH^4,831.614-g-W*fflSI-iE8t(0*fe 

1-5 s i s i m&m±\z&im. imifift 

ft, *ft^<al<0^^r±St£ffil'c*tLT3~5 MmS 
!So-C, iro#H«IW.831.614#M»»lc 



♦ v.. Vol. ED25. No. 10. 1978. p.1247#R) . 
[0 0 10] 
[ftl] 

m) ) •■ s /2/k ' ' • (I) 

[0018] $e>ic, awatffiDDiafcjitfaftSr^rt-s 

9*^***1-5*:, 

[0 0 19] RMftfOggft^^v^^xyicJ; 

*±Bs. ««•**< \ a; (i) ©#iijste 

[0 0 2 0] 4fc. *H»fM.831.614-IJ-W*II»-e«4, 

T-^-eri* vf- w<-© J; 5 fcf*BHII3fiEfrH:S*fc« 
20 9tt# (sticking) < . 0 co{&T£43< . 

[002 1] w©i 5 *B51B^lw«*-C, #36W1±. 
(1) **W#«SttR*r*<*<>. (2) SifiEl 

ft, (3) &.m&W0<WKi^1S&\r&1i-i'&2>'?-l" < — 

[0 0 2 2] 

[BW*»*"*-5fc*©*ai ±f2©Slft£iifiJc1-3fc 
felc, ^JgWtt, S i liM£4;S»fefiX39=:^±fcK{fcffi 

30 £*rCfiJc?>SO I StSS:fflv\ < £ t>TiB© (a) 
tiHTf (b) ©iSfctToT, &fc*fl:£ft-C^&V*S 
#©S m««:l**-*-5«*HS: , *+.4*^i"' < -«>» 

[0 0 2 3] (a) S i'»R*ffitr»flSL-CS'y =V» 

(b) mfc<D&mzmft'<?->'i:%f8.i-zT.m 

#SPJltt:> SO iSfifcfctfSS i»IR«:«teJlfcU 
40 @!SW«ff £l±©ii;£lc, S i i5fiSI<0!»e^JI^.|c«t 

v<-ttS i «rli{bi-*r itJ: 9 »*4nfc = 

SlllojJSia 9^Lfc*vf L i'^<-lwtk'<T?W 
B»J*aa^4i:5ltJC^ (intrinsic stress) 

[0 0 24] SO ^1©S i *tt4A'e>*5 

50 ^x^±»i»fk«*^LT«*LfctR2«>S i VftAd* 



5 

P>fc5**^£»IRfbLfcS i SR*^lSL-C45i<0 

10 0 2 5] ggffteit/A^f-^-Sr^-taXS 
14, S i ttSrlfe* Lfcftl-, S i SR*8ft;# 

**/Hv*TSSMkU is)) 3^&{kR£ffMU -ttf>K<k 

14, #>-^i^<— — >-_hld^ t'y h (Spindt) <bC: 
J:9«36*ftfc*fe (C. A. Spindt et al, "Physical 
properties of thin film field emission cathode wit 
h molybdenum cones". J. Appl. Phys. , 47. 1976, pp5 
248-5263) * J8 1 TORI'S. :*ltt*>f^<-^# 

PL<I4, SIJSWSrffiv^TRWi-S. »E«fl-»**tfl- 
iLtlt s i»KS:»*-t-SRIC3cyf-y^**i4t^ 

[0 0 2 6] ffi^aW-SrJBfiK-rS^ifei: LTI4, S i » 
R±fc«OT'<* U TkKfk* y 
(KOH) , TKKfkT 1 h^^^TV^-^CA^SiK 
(TMAH) ^^(DT/U^V^mmcX^X^yf-y^ 

S i»RO— «*l**Lfc«lc. Kfk^y ^SfcR* 
45. 

[0 0 2 7] #«■»;: J; 9 hv^u«a**IBi-5»^«- 
14, *v^u/<-±|c**ft»BI**BIL, 

^■rswticio, E»«s*j»fiM-5. s&ic, 
[oo2 8] s i mmzm^-fzxw*, ±.mxm^x 

9 Jgj* Lfcft&Us «fcl/# >^ ux-TSBO«tt)i £45 
•7^>^T-(4, S i SrStRttlc^y^V^i-a^s/f-v 

^x^fx^fy^ia^ ^tt/II&i^KSl^JS £45 
S9tt# (sticking) SrlsliB-f 5r t*«T-*5. 
[0 0 2 9] KJktt#*£ LTI4, CF4, SFs, NF 
3, CCU, CC WFz/jt^^JfflPt/yX-rx 
v^V^ICT(&££fT9. 4*1- , SFs, NFattSfkR 



(4) 4#B8¥7- 3 3 3 2 3 2 

5 

£ S i h<n^y*> 4fc3i y ^y^ig 
fffc^r.£A*e>, £9#*U\, 
[0 0 30] +4to^ S O I X«fcfctt5 S i 55R£r 
ttMMiU s i»R**{kLfc«fkR <*:^uv<- 
» l/^-tLtfflt^^tCi^ s 

9, «E«t^)*i &$ftf)«*i::J:5#ilJI]i£ 
&0{gT£Wi;i5 r £ # *Tt6i 4 5. 
70 [0 0 3 1 ] tfc, #>^W<-I4S i £&{k1-5;i £ 
fc«fc 9JBj«Ut->y =»^BMkRJ: 9 45fcft, Qffi£i« 

-^Jt^T9PK3KfifeiaSfc^i:SKl£* (intrinsic st 
ress) #'>4<, #:/^w<-cD£9#l£l£4^k<D£ 

[0 0 3 2] AyfwHiSO iStgOS i 

»«ftS»ft:L-CJg*tfc»fbRJt945fc«>, 

20 [0 0 3 3] £Lboj;?|c, **W^)*Jfe-C(±, Sim 

HtfiS i SHj&*^fifcS*vC45SO I SSSrfflv^ 
T, fttttSJES i»RS:ttfkLfc^y=>»{b«t*»6. 
/i^>fw^-yWL, KfkSixTW*^ 
fulES i«R*B**1-*;:£|;i,fc 9 # 4r»f* 
1"5. 

[0 0 3 4] feoT, »:^LT^VfU/<- £S i 
St^®i:9i^^ J K:E(C^1-5w<t755-C'#, ^tf(Oi^$ 

30 iii<§olt^t/^ 0 SOI SiSlcffli^fc 

S i MIC h 7 > ^ ^Mt 5 i t ia ^ 

(WfcaiEiK<o*a{k3ft«^niE £45. 

[0 0 3 5] S i »R£1SteJf £ Utffll\ % 

a4ry7X^3i^^v^|cj:oT|^i1-5r tt% 

[0 0 3 6] 

KW1-5. 

40 [0 0 3 7] (Hffiffl 1 ) m 1 tt#*W0>«i*T«:*Fr5 
*^U/<-O)ff^*ffi<Ol0iJS:^1*ieElT**)9, H 
2 l4-ttL«rffl^Tf^K LfcSff «r^Tl-5* w<-*> 

[0 0 3 8] !3 2lCi3V^T, K4SiSffi, 2(4Siy^ 
RSrKfk LTJBfiS; L/c */ ]) =>K<kR^e>45Sft»S. 
3ttK{kR^*b45*>^W<— , 4l4Stf, 5I4^«9 
' ttiL«ffiTi)5. Jfe^l2l4SO I S«o?^SJi*»bfiS 
0, w<-(4SO I SfficoS i SlRSrf&SfkLT 

3BrflLfc»ikH^?>*5fc»(^ *yfM-3fl)J» 
50 «tlftaS2icoHlc»^*aii44<, -frik^lxfcR 
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[0 0 3 9 ] Hl£ffi^T, S2ir^-f <Z> 
«?l*^ffi«:»Wi--& (0lO*attH2«)A-AWrffllw 

[0 0 4 0J r.(0*V^U'^-Jgi*XS«-ffl^5 so I 

^iu^s i nme x >9^5 (01 (a) ) o 

[0 0 4 1 ] dOSO lS«OS i 5fR6±fc««B6tf 
1"5fc*©S i«)R«*«:JgjfcLfc (ill (B) tsitf 

(C) ) . S i n»*<0«jjttt, 0. Wolterfb CMicrom 
achined Silicon sensors for scanning force microsc 
opy", J. Vac. Sci. Techno I. B. Vol. 9, 1991. pp135 

4-1357) tia*$jiT^ss i a»e>rite«*HBi***iw 

mCXfr^tCo rfttt, (1 0 0) ®OS if¥B!6±{c 
{SECVDffi (LPCVD) Zbh^TisV ^y&itm 

^->»*u.ai (b) t*r->y avSfcBW^ 

iOii (c) ^att^-v-t/i^Rflfti 2*»tf; 
[0 0 4 2] fct, R**S:3g*LfcS i SIRS:*** 

&m'<*-y7t:jei&\sti mi (d) ) . 
[0 0 4 3] »fkiF-e, K*4fctt.iWE • **4 

«r*j*Lfc (Hi (E) ) . rix^J:9, ft 
{fcR8tt«»Ji2 £»«LfcRfc LTJB/*3*ifc. 
[0 0 4 4] r^KfbR8 JilcK3g«*tt<o-aT*fc5 

TCr 5 0 nmt P.t 100 nmMH, y*YVV 

£7g/£Lfc (Hi (F) ) . 
[0 0 4 5] K{bR8$r7^ h !i VfyVA-f 

atJBfiRU (Hi (G) ) , fcv^T-SFfi^Sr^^fc 
y^X^^^f-v^tCctD S i A^jSSttttJB^-^ 
7iK5>T^y^V^Lrffi|SR9S:^fi)lLfc (Hi 
(H) ) . 

[00 4 6] wioiiiciot, H2<o->y ^v&tt; 
R*»e> J* 5 £ *f L > f- u 3 £ ffM L fc. 
[0 0 4 7] r<7)^>f-U/<-OgBtai^li, 6£{fcRi: 

[0 0 4 8] it, #H*6Wlci3^-ctt:. 8ftSn4A» 



(5) #W7- 3 3 3 2 3 2 

KOH*SttS:fflv^tx y f y / LT* >f u 
[00 4 9] (2 3, 4*3^0^5 (±, -t^MH 

[0050] Hett-t^xmtio-cf^fiLfcastt** 

[0 0 5 1 ] H6(C}oV>-C, 2 IttS i £4K> 2 2 11 S 
O lSSlC*3lt5ite»«, 2 3I2S i *R4r&fbLJgj£ 
Lfci/y="^SMfcRJ:9j*5»»JI, 2 4fi*tT:/hfe 

«#2 4i:«»i-5«ft«B VfiBm offlfc^CSh 
V^/V«aS:»9tar*9taL*fe 3 0tt»lr2 4i 

[0052] s i s«2 1 tmto9&z oorjicib»« 

20 JR4 Hc±i9«EE4rPpiO-t-5rt(cJ;9, 

riv S i S^±(c(lMOS hy >isx?tfBl&£tiX\i* 

[0 0 5 3] STF* MOS h^v^^OJgjS^D-fe^ 
4r-&ft"C, 03, 4*5*1*5 */Bv^t, «gtfS:#-r5* 
W<-£DffM#i]£^-f 0 4*3. H3, 4*5jtTJ*5 + 
( (A) - (N) ) Its H6(^B-B»f®(COV> 
X<Di><DXh%o 

[0 0 5 4 ] ~a>m&. SO lS«i:Lrii, mtn* 

30 z ffl v * r ^{t*p tc i9*diLfc->y3 >mtmt- & * 5 

jffeH/f 2 2 «rtf-f5 SiSS21i:21a £8£fb;#*# 

ffl^ * xmtfr xtm l x a^s^-r 5 r. t ic ± o r % 

fcfc^S:ffl^fc.,(ia3 (A) ) 0 r^lR, n-MOS^ 

^#5fc^tc, S iSSlipa^^Srfflv^fc. Jfe«t^2 

2 0Ri?li5 0 0 nmi: Lfc„ 

[0 0 5 5] 9(CLTt#^iafcSO I Sffic^S i 

Sfi2 1a SrSWiEA^WSL, mW-Z»m<DS i » 
R2 6S:JB*Ut (H3 (B) ) . 

[0 0 5 6 ] &fC N S i mm*7* hV V/77^p 
^0 -fe^Srfflv^T^- = >^L, @3 (C) l£^1-«ttJB 

[0 0 5 7] ZklC, t^«ttJI/^->fe*r5S«4: 
KfL^^^rfflV^-CKfbLT, 8fkH2 8S:?B*Lt (H 

3 (D) ) „ «ttJB/<^-^±-C^«{tROI![*f4 0. 

^coa^os iStS2 i±co»fkR«, Kfkici^/y^ 

l/imi49, MOSW7^-^ KKfkR4 2 i It 

[0 0 5 8] 8tlC, n -MO S £ S i StS 2 1 ±lcjgj£ ' 
50 Ltz a i-t£t>h* H3 (E) 
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KIHfc«4 2<D-&$:m£ hKfkE3 1 fcJgfiJE 

U ^-H;S3 2 ir/£5#f| B B B->y ^>4:LPCVD 
KrffMU ^^--y/LTHl4 (F) roj:5 4«ifi 

[0 0 5 9] J^tC h&ffclg3 lfcitfy- httf 

3 2lc.y vSr-C^&AU ttfMPlc-tJRttaLT, y 
-*fe\fctf KW>-fc *5teft$Jg3 3WLf: (0 

4 (G) ) „ 

[0 0:6 0] PSG (WtfyxM) £ 1 ji mfiSi 

ML, -35 LTS£— '^j* v"<->3 Vli 
3 5 4:J£jfcLfc. fc<^T\ y-^iJit/ K W ^«ffi«St 
OEISili&fc&SA 1 mi£3 4£Jg/£U ^-'^i"* 
— /3VJI3 6 fc/££> a - S i N (lpm) £114 

(H) iH*tmi3<Dm&tfX\Z£')7' 
^XVCVDKTJFML-C, n-MOS^It. 7-f- 
^KK?{tK$r^fefcn-MOS(7)^/|Cfi^3 M mT'fco 
fc. 

[0 0 6 1 ] -trom, &fWg2 8*r^^-=>-^LT* 
V^U-X-y<*-V2 3 a 4r3gfiS L (14 ( I ) ) , flff 
mt>>"}-U -is 2 3 a ±iZM^M^<0-mX 

Cr f5 0nm) iAu (lOOnm) &fi£JBIU 7* 
M y;i/7.7^7*n-t^|;r^-?^ — —>?LX$L<0tiil, 
affi2!5*5j:U!ffi»«ffi-3 0 £Jfi5f£Lfc (04 
(J) ? . • 

[oo ; 6 2] ifcic. ^trVhfeicj:D«***tfc*i6* 
JH^T&tr2 4*»!>HiUWl2 5i:»c»jftLfc. 

[00;63] 0 4 (J) -C^L7tStg±lCUv : ^ h^3 
mMU A 1 13 8£K£s^j££flFJ^Tj£IIIU 

7* b y y??? j7u±?.zmi<^XA H3 8ir^-y 

v/lci o^-y 7-<* 3 9Tg|5^-y^>^tfc (0 5 

(K) ) „ ^f-i.^feic.ttJAu.t'jfigasin-^; 

fiS4.0*fijiRU 3 vm<D<S,$(D&m2 4£ltmL 
(135 (L) ) , ^^h«r»«-*-5#«»3afcT!;7 
h^7 + 4r. fcK«t OKHfeLfc (05 (M) ) . %<» 
S FslCfc *) S i jJ»e>fc5«1$S^*-:'2 7& K 

.10 0 6 4] «±coig|c.fc9, H6fcS*Lfc»afls0 

Srfl&at-fSrfcjtf-C 1 *, tOT'D— ^|c*j^TI4. SS~ 

+fc*>%, *msfl-e»e>*ifc 

* U^<-lctJ^Trt, *@#§T4. 831. it/ 

5. 043. smtwattumnnmoi fc lt, 

Hcil:fi<t5:i^T-#t (S i SKStcflMLfc* 
[0 0 6 5] *@^4.831.614^^B*|Cf£@OT^^ 



(6) #M¥7- 3 3 3 2 3 2- 

/0 

7*. -ffcfc*>. S«ffi©7-f-/UKIWt8t.4 2«:ffl^-C 

[0 0 6 6] -eWjSm, gt§t/4>'ftv >^ W<— o*a 
5 0 kHzXh*). 8?ft£oltfc4§£\ flfl 
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